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Background: Surveillance of meningococcal disease among U-S. college students found ao elevated race 
of this disease among first-year students living in dormitories. 

Objective: This study examines the economics of routinely vaccinating a cohon of 59 1 ,587 incoming 
first-year students who will live in dormitories tor ^1 years. 

Methods: A cost-benefit model (societal perspective) was constructed to measure the net present 
value (NPV) of various vaccination scenarios, as well as the cost/ case and cost/ death 
averted. Input values included hospitalization costs from $10,924 to $24,030 per hospital- 
ization; immunization costs (vaccine plus administration costs) from $54 to $88 per 
vaccine; 80 nonfatal, vaccine-preventable cases Over a 4-ycar period (includes 3 with 
sequelae); 3 premature deaths; value of human life from $1.2 million to $4.8 million; and 
long-run sequelae costs from $1298 to $14,600. Sensitivity analyses were also conducted on 
vaccine efficacy (80% to 90%); discount rate (0% to 5%); and coverage (60% to 100%). 

Results; The costs of vaccination outweighed the benefits gained with NPVs ranging from — $11 
million to —$49 million. The net cost per case averted ranged from $0.6 million to $1.9 
million. The net cost per death averted ranged from $7 million to $20 million. The 
break-even costs of vaccination (when NFV=$0) at 60% coverage ranged from $23 (90% 
vaccine efficacy) to $5 (80% efficacy). 

Conclusions: The model showed that the vaccination program is not cost-saving. Key variables influenc- 
ing the results were the low number of vaccine-preventable cases and the high cost of 
vaccination. However, from the perspective of students and parents, the cost of vaccination 
might be worth the real or perceived benefit of reducing the risk to an individual student 
of developing meningococcal disease. 

Medical Subject Headings (MeSH): economics, cost-benefit analysis, adolescence, univer- 
sities, meningococcal infections, meningococcal vaccines (Am J Prev Med 2O02;2S(2): 
98-105) 



Introduction 

Neisseria meningitidis is the leading cause of bac- 
terial septicemia and meningitis in children 
and young adults in the United States, with 
high ca&e fatality and morbidity despite good medical 
care. Disease rates are highest among infants and are 
increasing among adolescents and young adults. 1 Of 32 
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reported outbreaks of meningococcal disease between 
July 1994 and July 1997, four occurred on college 
campuses.* Two thirds of cases are from meningococcal 
serogroups C, Y, or W1S5, for which an effective vaccine 
for older children and adults is available. In 1995, 
Jackson et aL 3 evaluated the cos Is and benefits of a 
vaccination program for U.S. college students. 3 The 
authors used rates of disease of people aged 18 to 23 
years because rates among college students were un- 
available. The estimated cost of this program was $45 
million annually. Given the low incidence of disease, 
the authors Celt that » program targeted at higher-risk 
subgroups of college students might l>e cost effective. 

New data sources allow for refinement of that model 
to evaluate high-risk groups. In 1998, a new surveillance 
system was initiated to track the incidence of meningo- 
coccal disease among U.S. college Students. Data from 
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Table I. Valuations of benefits* and costs* 1 of vaccination: five scenarios 



Scenarios 



Variable 



Low 



Intermediate 



High 



Best 



Benefits' 

Hospital days per case 11 
Cos is per hospitalization* 
Value of life losi c and 
associated discount rate 



Cost of treating a case 
of sequelae* 



Cost of vaccine* 
Vaccine administration** 
Treatment of .side*, effects 1 



7 days (2 ICU) 
* J 0,924 

(5% SDR*) 
$1,818,762 

(S% SDR) 
$2,940,582 

(1% SDR) 
31298 



$36 

118 
$3500 per 
5UU.0U0 doses 



11 days (3 ICU) 

516,998 
$1,205,127 
(596 SDR) 
$1,818,762 
(3% SDR) 
$2,940,582 
(1% SDR) 
5*708 



$18 
$3500 per 

500,000 doses 



15 days (4 ICU) 

$24,030 
$4,800,000 



$14,530 



$66 
$20 
$2454 per 
case: 1 case 
per 100,000 



7 days (2 ICU) 

$10,924 
$1,205,127 
(5% SDR) 
$1,818,762 
(3% SDR) 
$2,940,582 
(1% SDR) 
$1298 



$68 
$20 
$2454 per 
case; 1 case 
per 10O 7 000 



15 days (4 ICU) 
$24,030 

$4,aoo,noo 



$14,530 



$36 
$18 

$3500 per 
500,000 doses 



"BencFin are the savings associated widi cases and deaths averted- 
*Coeta arc those associated with vacdnadon. 

The low estimate is based On Jackson et aL* The high estimate is based on information from the Aflcghcny Coumy, Pennsylvania, Health 
Department (J. Fellows, Centers for Disease Control and Prevennon. unpublished observations data, 1999). The intermediate estimate is the 
midpoim between the high and the low cstimare. 

*Thcsc estimates are for the costs of acute care only. The estimate used for the low and intcrmcdiare scenarios is from Jackson et al. * adjusted 
for inflation to July 1999 prices using the health services component of the Consumer Price Index. The high estimate costs come from the. 
Allegheny County. Pennsylvania Health Department (LJE and PDW, unpublished observations, 1909). 

c For tlie low, intermediate, and worst scenarios, a life lost was valued using different age*we<Khted producriviry estimates Tor the group aged 16 
to 19 years tmder the three dufercnt discount rates. All the productivity estimates were derived based on a 1% productivity growth rate** 
amended and updated 10 1998 (Fellows, unpublished observations, 1999). For the high and best scenarios, a life lost was valued at the value of 
a statistical life. 1 " 0 

r Thc cost estimates for first/year, acute sequelae treatment cosis, and die -value of lifetime productivity losses were developed using information 
from Erickson and Dc Wall (unpublished observations, 1999). The benefit-cost model, developed by Jackson ct al., 9 did not consider treatment 
coats Tor long'term sequelae due to lack of evidence- Evidence from Quebec province shows dial ) .5% of victims suffering some type of sequelae 
had multiple amputations of Icrs and arms, while another 3% hod loss of a single limb or loss or toes o«- finders. 11 Another 12% of victims had 
skiii scarring. While it is reasonable to assume that cases of multiple amputation? experience either a loss in economic well-bein;; or some loss 
in lifetime productivity, this analysis uses the following range of estimates due to lack of concrete data; 30% as high. 10% as intermediate, and 
0% as low. The productivity/loss figure used to calculate these estimates is $2.94 million (0% discount, } % productivity Rrowth). Cost information 
from Allegheny County, Pennsylvania (J15.50U medical cose for amputations and S5.0U0 for treatment of skin scarring) <L)£ and PDW, 
unpublished observations, 1999) was used to calculate a high, an intermediate, and low long-ccrm sequelae cost estimate as a weighted average, 
with the weights being the prol>ability of the above outcomes occurring. The calculations follow. 



($15,500 * 0.015)] + ($15,500 X 0.03) + ($5,000 X 0.12) = $14,5*0 



High: 

[($2, 940,582 X 0.30 X 0.015) 
Intermediate; 

[(S2,940,582 X 0.10 X 0.015) + X 0.015)] + ($15,500 X 0.03) + ($5.0U0 X 0.1 l 2) = $5,708 

Low: 

[($2,940,582 X 0.0 X 0.015) + ($15,500 X 0.015)1 + (515,500 x 0.03) + (35,000 X 0,12) = 51,29b 1 

There is insufficient information in develop an appropriate estimate of the long-term direct and indirect lifetime medical costs due to 
discasc-rclared amputations. For the above calculations, these costs are not included. 

"The estimate used for the low and best scenarios is the wholesale price for a 1 0-rlose vial at $36 per dose." The estimate used for the high and 
woi*t scenarios is the wholesale price for a single dose vial at 368 per dose. 21 The estimate uved for the intermediate scenario is an averap;e (352) 
of the low and high estimates per dose. 

°The cstimare used for the low. intermediate, and worst scenarios is fromJac^On et al. 3 adjusted for inflation to July 1999 prices using the health 
services componcnr of the Consumer Price Indev. The estimate used for the high and worst scenarios come* from LJE and PDW (unpublished 
observations, 1999). 

f Kor the low, intermediate, and best scenarios, the number of side effects is based on incidence rates from Yergeau et al., 2fi with one case of 
anaphylaxis per million doses (2 days hospitalization) and one severe reaction (one medical consultation) per 10,000 doses. Total treatment 
cosut - $r»00 per million dose* (ijii and PDW, unpublished o Innervations, 1999). The e.tijmate used for the high and worst scenarios is from 
Jackson et al., 3 which is based on one severe systemic reaction per 100,000 doses.- These treatment cost* were adjusted for inflation to July 1999 
prices using the health services component of the Consumer Price Index. 
ICU, intensive cans u»il; SDft, social discount rate- 
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Table 2- Cases of vacdne-preveniable disease, premature 
death, and sequelae without a vaccination program 3 ' 

Year of occurrence 



Outcome^ 


1 


2 


3 


4 


Total* 


Nonfatal cases* 


18 


4 


4 


4 


30 


Premature deaths " 


2 


1 


0 


0 


3 


Cases of sequelae 1 * 


2 


1 


0 


0 


3 



^le number or cases refers to those that occur over a 4-year period 
in a cohon of first-year students entering college who spend at least 
their first year in dormitories. 

'These awes of sequelae arc a subset of nonfatal cases. Thus, to avoid 
doable accounting, the cases ol" sequelae should not be included 
when adding up the total number of cases (fatal and nonfatal). 



tli is system, alon^ with earlier surveillance data from 
Maryland, 43 indicates that first-year students living in 
dornii tones face a higher risk of meningococcal dis- 
ease- This Study provides a new coat- benefit analysis for 
routinely vaccinating U.S. first-year college students 
living in dormitories. 
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Figure 1. Cosl per case of meningococcal disease averted due 
to vaccinating a cohort of college freshmen initially living in 
dormitories. Sec Table 1 for the assumptions regarding the 
costs and benefits related to each scenario. The number of 
nonfatal and fatal vaccine-preventable cases of disease used in 
die analyse* arc presented in Table 2. Trie assumed cohort 
si2e was 501,587 first-year students entering dormiiory life- 
The results relate to preventing cases of disease over the 
entire 4 years of the cohort's academic undergraduate 
experience. 



Methods 

Economic Analysis 

The analysis uses a cohort of 591,587 first-year students*** 
living in dormitories during the 1098-1999 school year (die 
only year for which data were available prior to any polity 
actions). Wc assumed that the cohon lived in dormitories for 
at least their first year of college (students often move out of 
dormitories after the first year). The incidence of disease, 
premature death, and sequelae occur over 4 years, while 
vaccinaiinn occurs at the beginning of Year 1. 

The model used the net present value (NPV) criterion 
(Appendix A). The benefits of averting disease through 
vaccination include the treatment-cost savings (hospital ex- 
penses associated with acuue treatment); averting a premature 
death (using both lifetime productivity loss and the value of a 
stalls tical life); and the cosl savings of averting disease-related 
sequelae. Program cnsis included costs of vaccine, vaccine 
administration, and vaccine-related Side effects- 
Other outcome measures included net cost per case 



Table 3. Net present values assuming 60% vaccination 
Coverage (USS millions) 



Program 
costs (NFV) 



Best 
$19.2 



Low 
$19.2 



Intermediate 
$24.8 



High 
$31-2 



Worst 
$51.2 



90% Efficacy 

0% DR 

9* DR 

5% OR 
85% Efficacy 

0% OR 

'4% DR 

5% DR 
80% Efficacy 

0% DR 

3% DR 

5% DR 



-JIM 
-$11.1 • 

-$11.4 

-31 1.6 

-511-9- 
-$11.9 - 
-$12.0 - 



-^14.2 -319.8 
-$16.1 -$21.7 
-317.1 -$22.7 

-$14.5 -320.1 
$16.2 -$21.8 
$17.2 -$22.8 

-$14.8 -$20.4 
-$16.4 -$22.0 
$17.3 -$32.9 



-$23.1 -S26-3 
-$23.2 -$28.2 
-$23.2 -$29.2 

-$23.5 -$26.6 
-$23.6 -$28.3 
-323.6 -$29.3 

-$24.0 -$26.9 
-$24.0 -$28.5 
-$24.1 -.$29.4 



DR, discount rate: NPV, net present value. 



averted, premature death averted, and life-years saved (NFV 
divided by cases averted, deaths averted, and life-years saved, 
respectively). For the net-cost calculations incorporating the 
statistical value of life (Table 1), the numerator retained all 
dollar valuations of life saved* even if such valuation incorpo- 
rated intrinsic values already contained in the denominator 
term "death averted." 9 This biased the analysis toward inter- 
vention. There net-cost ratios were not comparable to cost- 
cfTectivcness ratios that are derived using lifetime productivity 
losses. 10 However, net-cos i ratios based on lifetime productiv- 
ity losses were also derived and were comparable to cost- 
effectiveness ratios from other healthcare interventions. 

Cost Data 

The NPV model was evaluated under five different scenarios- 
low, intermediate, high, worst, and best (Table 1). Each 
scenario has a different mix of estimates of benefits (cases 
and deaths averted) and costs of vaccination. The low sce- 
nario combined the smallest estimates of benefits (value of 
cases and deaths averted) with the lowest cost ol vaccination. 
Similarly, die high scenario used the largest estimates of 
benefit* and costs- The intermediate scenario used estimates 
of benefits and cosls dial were midpoints between those used 
to define the low and high scenarios. The worn scenario was 
the least advantageous to vaccination and combined the 
lowest benefits with the highest, vaccination costs. The best 
scenario combined the highest benefits with die lowest vacci- 
nation costs. Each scenario was evaluated under three as- 
sumptions for vaccine coverage (60%, 80%, and 100%); 
vaccine efficacy (80%, 85%, and 90%); and discount rate 
(0%, 3%, and 5%). We evaluated 135 scenarios (5 benefit and 
cost scenarios X 3 coverage scenarios X 3 vaccine efficacy 
scenarios X 3 discount rates). 

The costs saved from averting disease-related sequelae 
resulted from first-year creaunent (including surgery, skin 
grains, and prostheses) and lifetime productivity losses result- 
ing from amputations. Cases of sequelae were treated as a 
subset of the nonfatal cases and were added to the cost of 
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Figure 2. Cost per death averted resulting from meningococ- 
cal disease due to vaccinating a cohort of college freshmen 
initially living in dormitories. See Table 1 For the asstunpUons 
regarding the costs and benefits related to each scenario. The 
numbers of fatal, vaccine-preventable cases of disease used in 
the analyses are presented in Tabic 2. The assumed cohort 
size was 591,587 first-year students entering dormitory life. 
The results relate to preventing cases of disease over the 
entire 4 years of the cohon's academic undergraduate 
experience. 



Table 4- Threshold analysis: break-even vaccination costs 
for 60% vaccine coverage* 

Break-even vaccination costs: $ per 
student vaccinated"* 1 * 



Scenario 0 




Vaceme efficacy 




80% 


S5% 


90% 


Worst 








0% DR 


12.38 


13.15 


13.92 


3% DR 


7.77 


8.25 


8-69 


5% DR 


5.25 


5.59 


5.88 


Low 








0% DR 


12.38 


13.15 


13-92 


3% DR 


7.77 


8.25 


8-69 


5% DR 


5.25 


5.59 


5-88 


Intermediate 








0% DR 


12.64 


13.43 


14.22 


3% DR 


b\02 


833 


8.98 


5% DR 


5.51 


5.86 


6.17 


High 








0% DR 


20.51 


21.79 


23,07 


3% DR 


20.35 


21.63 


22.77 


5% DR 


20.17 


21.48 


22.62 


Best 








0% DR 


20.51 


21.79 


23.07 


3% DR 


20.35 


21.63 


22.77 


5% DR 


20.17 


21.48 


22.62 



'Break-even costs refer ro The cost of vaccination {cosu of" vaccine 4* 
costs or administration) required so thai, for a given scenario (Table 
1). the benefit* the costs (i.e.. NPV « .$0). 

*Tbe costs of vaccine administration ranged from $18 (luw, imerme- 
diaie, and best scenarios) io $20 (high and worst scenario*) (Table 
1). Th<; eotts of vaccine used iniixilly were $36 per dose (low and ln«r 
scenarios). 354 per dose (intermediate scenario), and S68 per dose 
(high «ud worst scenarios) (Table 1). These costs gave a ninjje of 
costs of v.icc»uUion from 154 to $88 j>er student vaccinated. In 
addition, costs for ireaiing vaccine-related side en>.cu$ should be 
considered (Tjible 1). 

The results shown are applicable to each of the three coverage rate 
scenarios (see text for further dctaib). 
DR, discount rate; NPV, net present value. 



hojrpitalization. Lifetime productivity losses due ip multiple 
amputations were detennined by multiplying the number of 
meningococcal disease-related amputations (assumed io be 
1.5% of cases with disease-related sequelae) 1 1 by the lifetime 
income loss associated with multiple amputation. Estimating 
lifetime productivity losses due to amputation was more 
difficult, given the lack of published evidence and improve- 
menLs in prosthetic technology. To reflect this uncertainty, 
three different assumptions for producUvity losses {0%, 10%, 
30%) were used. 

Dividing NPVs by Ihe number of Hfc-ycars saved, calculated 
at the corresponding discount rate, yielded the net axon per 
life-year saved. An estimate of 59.1 years of additional life 
expectancy for people aged 18 to 19 years 12 was used for this 
analysis. 

Epidemiologic Data 

The number of cases and fatalities averted was based un 1 year 
of surveillance (1098-1999) of U.S. college students. 6 " 3 
Among 591,587 first-year students living in dorms (Year 1), 
there were 18 vaccine-preventable meningococcal (strains C, 
Y, and W135) case* (incidence of 3.04 per 100,000) and 2 
iataliues (incidence of 0.34 per 100,000) (Table 2). For Years 
2 to 4, the incidence of vaccine-preven table disease was 0.67 
per 100,000, and ihe incidence of preventable premature 
death was 0.17 per 100,000. Assuming ihe cohort of first-year 
students remains constant in size and the incidence of cases 
are distributed equally over time, these rates predict that the 
cohort would experience an additional four cases per year 
(for Years 2 to 4) and one death (assigned to Year 2) (Table 
2). 

Based on a Canadian study 11 and unpublished surveillance 
data from Allegheny County, Pennsylvania (IJE and FDW, 
unpublished observations, 1999), the incidence of disease- 
related sequelae wag the same as that of premature death, 
resulting in two cases of sequelae in Year 1 and one case in 
Years 2 to 4 (assigned to Year 2) (Table 2). 

Vaccine Effectiveness 

The only meningococcal vaccine available in the United 
States is die quadrivalent A, C, Y, VV-135 vaccine (Menorminc- 
A,C,Y,W-155, Aventis Pasteur)* which consists of four purified 
bacterial capsular polysaccharides. The range of clinical vac- 
cine eilicacies for older children and adults (80% to 90%) 
was obtained from published literature. 1 *- 1 ' 1 Clinical efficacies 
of ^85% among older children and adults have been shown 
for the polysaccharide vaccines for scrogroups A and C. IS 
Although clinical evidence is lacking as to dieir efficacies, the 
polysaccharide vaccines for serogroups Y and W-l 35 can 
produce bacterial antibodies. 1 * Vaccine effectiveness was as- 
sumed to remain constant over the 4 study years, and it is also 
assumed that vaccination generates no herd immunity. While 
studies on vaccine effectiveness have tended to show a decline 
of efficacy through time (particularly for young chil- 
dren), 15 - 1S evidence from a Canadian meningococcal vacci- 
nation campaign showed that vaccine efficacy over 5 years 
averaged 83% for people aged 15 to 20 years. 17 While 
assuming constant vaccine efficacy may introduce a slight bias 
in favor of vaccination, the impact is minor since the majoriry 
of predicted cases occur in Year 1. 
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SCHEME A: Value Of life tost = $2.94 million 
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Vacdne^revcntabte cases experienced by cohort ovor 4 years 



SCHEME B: ValUS or life lost = S4.Q million 
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SCHEME C: Value of life lost * $7 million 
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Vateinc-preventeDte cases experienced by cohort aver 4 yeara 

Figure $. Sensitivity analysis. Impact on savings per case of 
meningococcal disease averted with changes in number of 
cases experienced by a cohort over 4 years. This graph 
documents the effect on savings per case prevented due to 
variations in the cofita of vaccina lion, the number of vaccine- 
preventable cases experienced by a cohort of college fresh- 
men living in dormitories Over a 4-year period, and die value 
placed on human life. The y-axis measures the dollars saved 
per case of meningococcal disease prevented. A negative 
value indicates a net cost per case averted. For Scheme A, the 
underlying assumptions are as follows: 80% vaccination cov- 
erage; 85% vaccine eilicacy; a lifetime productivity measure 



Sensitivity Analyses 

Threshold analyse* were conducted to determine the break- 
even cost of vaccination (cost of vaccine + costs of adminis- 
tration) for each of Lhc 135 scenarios. Break-even cost is the 
cost of vaccination needed so that the sum of the benefits 
equals the sum of the costs (i.e., NPV=$0). 

Sensitivity analyses were conducted by varying the number 
ol" vaccine-preventable cases from 10 10 150. The unit of 
outcome for these analyses was costs per case averted. For 
each assumed number of cases, the proportion of deaths and 
cases or sequelae are the same as in the surveillance data 
(Table 2). Three pricing schemes (A, 6, and C) for the value 
of a human life were used, with each scheme having three 
different vaccination costs. For scheme A, the lifetime pro- 
ductivity loss of a premature death equaling $2.94 million 
(Table 1) was used; for scheme B\ a value qf statistical life 
equaling $4.8 nunUm 18 -' 20 (Table J) was used. For scheme C, 
the value of statistical life was placed ai $7 million (die 
highesL value of statistical life estimate suggested by the 
lireraiure). 18 ^ 20 Three valuation costs were used in each 
scheme: #25, $54, and 588 per student. These costs included 
both the vaccine price ($7, $36, and $68, respectively) 21 and 
the administration fee ($18, $18, and $20, respectively). For 
ail schemes, we assumed 80% vaccination coverage, 85% 
vaccine efficacy, hospitalization costs of $24,030 per nonfatal 
case, vaccine-related side effects cosLs of $2454 per case (four 
cases total), and disease-related sequelae costs of $14,600 per 
case (Table 1). 

Results 

Outcome Measures 

Regardless of program-cost scenario. 5 ;, the social costs of 
the vaccination program outweighed the benefits 
gained. NFVs were always negative (range, —$11 mil- 
lion to —$49 million), and reducing vaccine efficacy 
resulted in greater negative NPVs. Discounting had 
ItClle effect on the magnitude of the NPVs calculated 
because all program costs, and most program benefits, 
occurred in the first year and were not subject to 
discounting. Assuming 60% coverage, negative NFVs 
ranged from -$11 million (at 0% discount rate and 
90% vaccine efficacy) to -$29.4 million (at 5% dis- 
count rate and 80% vaccine efficacy) (Table 3). For 
80% and 100% coverage, NFV ranged from ~$14.8 
million to -$39.2 million and -$18.3 million to -$49 
million, respectively (data not shown). 

of $2,94 million (discounted at 1% assuming a 1% productivity 
growth rate) for ihc value of life; ho.^ital costs of $24,030 per 
case; treatment of vaccine side effects of $2434 per case (four 
cases total); and costs of treating disease sequelae at $14,600 
per ewe. For Scheme B and Scheme C, underlying assump- 
tions are the same as Scheme A except that a value of life of 
$4.8 million and $7.0 million, respectively, were usetL The 
diree enst-of-vaeei nation scenarios ($25, $54, and $88) in- 
clude both the price of the vaccine ($7, $36, and $68, 
respectively) and a vaccine administration fee ($18, $18, and 
$20, respectively). Total cost of vaccination was calculated for 
a cuhort of 591,587 first-year students entering dormitory life. 
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The net cost per case averted for each scenario, 
assuming three different discount rates and three vac- 
cine efficacies for 60% vaccine coverage, are presented 
in Figure 1. The maximum net cost per case averted was 
$1.85 million (assuming 80% vaccine efficacy and 5% 
discount rate) for the worst scenario (Figure I). The 
minimum cost per case averted was $617,000 (assuming 
90% vaccine efficacy and 0% discount rate) under the 
best scenario (Figure 1). Altering vaccine coverage 
from 60% to either 80% or 100% did not notably 
change the results (data not shown). 

For any given scenario (Table 1), the net cost per 
death averted was approximately ten times greater than 
the net cost per case averted (Figures 1 and 2). Other- 
wise, the patterns of net cost per death averted were 
similar to those for net cost per case averted. The 
highest net cost per death averted occurred under the 
worst scenario, ranging from approximately $16.2 mil- 
lion (90% vaccine efficacy, 0% discount rate) to 520.4 
million (80% vaccine efficacy, 5% discount rate). The 
lowest net cost per death averted (under the best 
scenario) ranged from $6.8 million to $8.3 million for 
vaccine efficacies and discount rates of 90% and 0%, 
and 80% and 5%, respectively (Figure 2). 

The undiscounted number of life-years saved due to 
vaccination was 157.3 years (3 lives saved X 59.1). At a 
3% discount rate, the number of life-years saved is 85.9, 
while at 5%, the number is 60-1. Assuming 60% cover- 
age, net costs per life-year saved range from $62,042 
(90% efficacy, 0% discount rate; under the best sce- 
nario to $489,185 (80% efficacy, 5% discount rate) 
under the worst scenario. 

Sensitivity Analyses 

The results of the threshold analyses are shown in 
Table 4. For each given scenario and assumed vaccine 
efficacy, the break-even cost of vaccination was the 
same regardless of vaccine coverage level (coverage 
appears in both the numerator, the benefits of vaccina- 
tion, and the denominator, the number of students 
vaccinated). Thus, for brevity, the results are presented 
for 60% coverage only. The break-even Cost of vaccina- 
tion ranged from $23.07 for the best scenario (vaccine 
efficacy of 90%, discount rate 0%) co $5.25 for the 
worst scenario (vaccine efficacy of 80%, discount rate of 
5%) (Table 4). At the lower vaccine-adminisuation fee 
of $18, the price of the vaccine would need to be 
^$5.00 to produce a positive net social benefit under 
the best scenario. For the worst scenario, the costs of 
administrating the vaccine are not even covered, so 
there would not be a positive net social benefit even if 
the vaccine were free. 

The impact of variations in the number of vaccine- 
preven cable cases on dollars saved per case averted 
cases is shown in Figure 3. The lower the vaccination 
costs and the greater the number of vaccine-prevent- 



able cases, the closer vaccination comes to a positive 
dollars saved per case averted. In scheme A, only by 
assuming a vaccination cost of $25 per student (less 
than half of the lowest cos I used in the initial set of 
scenarios) does the breakeven threshold occur, at 
approximately 60 cases over 4 years (Figure 3). This 
break-even number of cases is approximately double 
the number actually experienced (Tabic 2). Assuming 
a vaccination cost of $54 per student, even at 100 cases 
over 4 years, the net cost per case averted is $85,000 
(i.e., negative Savings per case averted) (Figure 3). 

For the remaining schemes, at vaccination costs of 
$25, $54, and $88 per student, the break-even point 
occurred in scheme B at approximately 40, 85, and 135 
cases, respectively, over 4 years, and in scheme C at 
approximately 30, 60, and 90 cases. 

Discussion 

This analysis consistently demonstrates that a publicly 
funded program to vaccinate first-year students Irving in 
dormitories against meningococcal disease will result in 
a net economic loss to society (Figures 1 and 2), even 
under wide variations of vaccination costs and benefits. 
This finding Is similar to previous findings. 3 Using the 
net cost per life-year-saved ratios (ranging from $0.8 to 
$1.5 million) based on indirect lifetime productivity 
costs (the low, intermediate, and high scenarios), the 
vaccination program compares favorably to other life- 
saving health interventions. life-saving health interven- 
tions such as annual cervical cancer screening for 
women beginning at 20 years of age (as opposed to 
screening every 2 years) and certain select cholesterol 
treatment programs cost, over $1 million per life-year 
saved (based on 1993 dollars). 22 However, many child- 
hood immunization programs (e.g., polio, rubella, and 
measles-mumps-rubella vaccinations) result in a cost 
savings per life-year saved. 24 

The smallest estimated net cost per death averted was 
approximately $6.8 million (Figure 2). This cost is in 
addition to the $4.8-million valuation of a life lost, 
wltich is already included in the calculation (best 
scenario in Table 1). Sensitivity analysis also shows that 
even at a vaccine price of $25, the break-even number 
of disease cases is 40 (assuming $4.8 million per life 
lost) and 60 ($2.94 million per life lost). Only when the 
value per life lost is $7 million and vaccination costs are 
$25, does the break-even number of cases fall below the 
33 cases predicted (to approximately 28 cases). 

The model results were only part of the evidence 
considered when die Advisory Committee on Immuni- 
zation Practices (AClP) revised recommendations for 
vaccination of college students. While the AClP did not 
recommend routine vaccination for this subgroup of 
college students, 33 both the ACIP and the American 
Academy of Pediatrics 24 recommend that students and 
parents be advised of the elevated risk for meningococ- 
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caJ disease and Ihc benefits of immunization for first- 
year students living in dorms. 

Limitations of our model include a lack of informa- 
tion on program implementation and compliance 
costs- Also, by assuming no dropouts in the cohort over 
time, the estimated number of cases available to be 
averted over 4 years (Table 2) may be greater than 
actually experienced. While missing administrative 
costs result in unders rating program costs and assum- 
ing no dropouts results in overstating disease costs 
averted, their relative contribution to total costs is 
minor and should not aflect the results. 

Economic benefits that were not considered include 
(1) the cost savings of avoiding antimicrobial chemo- 
prophylaxis, vaccinating large numbers of the univer- 
sity population during an outbreak, or both; (2) the 
long-term direct and indirect medical costs of prosthe- 
ses replacement, readaptation treatment, wheelchairs, 
home adaptations., counseling for cases with amputa- 
tion, and other possible indirect costs on families; and 
(3) the intangible benefits of reduced fear and stress in 
a university community due to a severe case of menin- 
gococcal disease. However, the relatively low costs of 
antimicrobial prophylaxis, 23 the low number of sero- 
group^ C meningococcal outbreaks (only one pcr 
year),** 4 and the low incidence of long-term sequelae 
do not produce cost savings significant enough to affect 
the results. A severe case can increase fear and anxiety 
within the community and result in negative publicity 
for the affected institution. If incidence of disease 
increases, these impacts might become significant. 

Conclusion 

Even under the most optimistic cost-benefit scenarios, 
routinely vaccinating U.S. first-year college students 
living in dormitories results in substantial social costs 
thai exceed the potential social benefits of averted 
disease. Given the low incidence of disease and the 
high cost of a vaccination program (sec Appendix B for 
the relative importance of input variables), scarce pub- 
lic health resources could be targeted to more common 
health conditions. However, because meningococcal 
disease can have very dramatic health consequences, 
students or their parents or both may wish to pay for a 
vaccination in order to reduce the risk of morbidity and 
mortality from meningococcal disease. While the ACIP 
did not make a recommendation for routine vaccina- 
tion, it did suggest that physicians and colleges provide 
more inforrnation about meningococcal disease and 
the vaccine to entering students, especially those who 
will live in dormitories, and their parents so that they 
can make educated decisions regarding meningococcal 
vaccination. 
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Appendix A 

Calculation of Net Present Value 

The analysis attempts 10 lake the societal perspective where 
all beneiits and costs associated with a vaccination program 
lor first-year college SLudenis arc counted. The model used to 
calculate Nc*Vs of such a program is defined as 

t - d 

NPV = S (Benefits - Cosi$)/(l + r) c 
i - 1 

where; 

Benefits » costs of treatment of disease saved + value of 
premature death saved + costs of treatment of 
disease-related sequelae saved 4- value of disease- 
related sequelae, 

Costs =eost of vaccine + vaccine administration costs + 

ireaunem of vaccine-related side eflecis 
t = time period (Years 1 to 4 after immunization), and 
r = discount raie (evaluated at 0%, 3%, and 5%). 



Table Bl. Relative importance 11 of input variables in 
determining die cost-effectiveness of routinely vaccinating 
freshmen college students against meningococcal disease 

Relative 

importance* Variable 



1 (Most influential) 

2 

3 

4 

5 

5 (Leasi influential) 



Total number of cases* 

Cost of vaccination per student* 

Vaccine efficacy 1 

Value of life 1osl c 

Discount nue r . 

Vaccine coverage* 



*Relauve importance was determined hy considering the magnitude 
OF changes in an outcome measure (e.g.. ncr. present values and cost 
per case averted) with changes in the five listed input*. The results 
used to evaluate relative importance are presented in Figures 1 to 3 
and in the text (Results section). 

"Includes deaths and nonfaml cuses that result in luiie-tcrm aequclae 
(Tabic 2). 

*Cost of vaccination is the sum or the cost per dose or vaccine + the 

cost of adminLuroiion. In addition, vaccination will result in some 

costs associated with vuccine-relared side effects (Table 1). 

d Three scenarios of vaccine efficacy were used: 80%. 85%, and 90%. 

*Value of life lost was .set at cither the lifetime productivity measure 

($2.94 million, 51.81 minion, or 51.21 mUlion)Tor the three discount 

rates used or rhe value of a statistical life ($4.8 million urtd 57.0 

million). See Table 1 and text for Jurrher explanation. 

r The three discount rare* used were 0%. 3%, and 5%. 

*Thrce scenarios of vaccine: coverage were used: 100%, J30%, and 

00%, 



Appendix B 

Relative Importance of Input Variables 

By considering die impact on NPVs from changes in each 
input variable (see Figures 1 lo 3), the total number of cases 
appears lo be the most important variable influencing the 
results (Table Bl). 1 The data in Figure 5 support this conclu- 
sion. When the number of cases increased From 10 to 30 per 
4-ycar period, the net costs per case averred decreased by 
80%. The second most important variable is die cost of 
vaccination. When the cost of vaccination decreased by 40% 
(from $54 to $88 per student), die cost per case averted 



decreased by 42% (Figure 3). M seen in Figures 1 and 2, 
increases in vaccine efficacy cause an almost proportionate 
decrease in cost per case averted or death averted. Thus, 
vaccine efficacy is the third most important variable in the 
models. Increasing the value of a life lost from $2.94 million 
(1% discounted lifetime productivity measure) to $7 million 
(a 138% increase) decreased the cost per case averted by only 
6.3% (assuming 10 cases per 4 years, $88 per vaccination; see 
Figure 3). Figures I and 2 alsn clearly demonstrate that 
vaccine coverage does not have an impact on the model 
results in terms of costs per case, or death, averted. 
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